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Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics. This journal is © the Owner Societies 2017 S1) Expression and purification of the active catalytic domain of MT1-MMP. For the crystallization of the non-inhibited Zn 2+ -MT1-MMP, the plasmid containing the catalytic domain of human MT1-MMP together with the hinge linker to the hemopexin-like domain (residues 112-292) as described in Grossman et al. 1 was transformed into Escherichia coli BL21 (DE3) (Novagen). The expression was carried out as previously described in Ogata et al.
1
For the preparation of Co 2+ -MT1-MMP, the expression plasmid for the catalytic domain of human MT1-MMP together with the hinge region (residues 112-319) was mutated in (C127S) MT1-MMP (Genscript, USA) to avoid oxidation sensitivity of the Co 2+ and cloned into the pET3a expression vector with a His-tag at the C-terminus. The plasmid was then expressed into Escherichia coli BL21(DE3) (Novagen). Expression of the apo-enzyme and washing of inclusion bodies were carried out as described previously for the wild-type MT1-MMP. 1 No significant difference in activity was observed for the mutant (C127S)-MT1-MMP and the wild type MT1-MMP, and as such only the MT1-MMP label will be hereafter used for simplicity.
S2) Molar extinction coefficient determination for wild type MT1-MMP. An accurate estimation
of the molar extinction coefficient of MT1-MMP was required to determine the correct stoichiometry,
i.e. the metal/protein ratio. This value was accurately determined by means of MCD spectroscopy at room temperature, which allows the concentration of tryptophan in a protein sample to be obtained. 
S3) Preparation of apo-MT1-MMP (metal-free material) / Preparation of Co
2+ -MT1-MMP.
Since the presence of extraneous metal can arise from many sources (e.g. reagents, wares, bottles) all materials and buffers were treated to avoid metal contamination. Plastic wares were cleaned with 20% HNO 3 in triple distilled water and extensively rinsed with triple distilled water. All buffers used in experiments were prepared using chemicals of the highest purity available and made metal-free either by extraction with dithizone in CCl 4 4 or by passage over a Chelex-100 column (Bio-Rad). Solutions were made oxygen-free by blowing argon through for 1h and stored in anaerobic conditions. Dialysis membranes were demetallized by heating up to 80°C in 0.01 M EDTA for 30 min and washed with triple distilled water. This step was repeated without EDTA once again. Quartz sample cells were used and rendered metal-free by soaking overnight in 20% HNO 3 in double triple distilled water and rinsed again with triple distilled water just before the measurements.
There are several strategies for introducing a metal into a protein described in literature. 6, 7 Most of them involve the preparation of the apoprotein followed by metal addition 5, 6 or the displacement of the original metal by exposing the native protein to excess concentration of the target metal 7, 8 . The purity of the Co 2+ -MT1-MMP construct was checked by SDS page. Figure 2 shows the detected band of Co-MT1-MMP one day before and right after the last purification dialysis step. The enzyme was characterized by a molecular weight of ≈ 21 kDa, which corresponds to the size of the catalytic domain after autoproteolytic cleavage of the hinge region (residues 112-285). 
S5)
X-ray data collection statistics for MT1-MMP. MMPs is the specificity pocket S1´ 13 which varies considerably in terms of amino acid sequence, size and shape. The primed pockets thus interact with the N-terminus fragment, while the C-terminus fragment instead interacts with the unprimed pockets.
S7)
Analysis of Co 2+ EPR and MCD spectra from wild type and inhibited Co 2+ -MT1-MMP. Spectra shown in Fig. 15A were measured at low power (P = 20 μW) to minimize the saturation effects at 5 K. In the absence of saturation, the EPR signal intensity is proportional to the inverse of the temperature. We find that the ratio of signal intensities for 5 and 15 K is around 2.6 instead of 3, which indicates that at T = 5 K and P = 20 μW the spectrum is slightly saturated. This behavior is indicative of the zero-field splitting value being D>0. Fig. 15B demonstrates that the EPR spectrum at g ≈ 4.3 consists of two components with different saturation properties. The broad main feature assigned to the Co 2+ ion at the catalytic site saturates more readily than the second component, which shows additional splitting.
Fig. 16
shows the raw MCD data collected at 1.8 K in the absence and presence of the inhibitor AHA.
For both datasets, a scatter like background was subtracted from the data, which was suspected to be caused by strain. (RHS); Bottom Temperature dependence measured at 7 T (LHS) and the entire dataset (RHS). A slightly different baseline was subtracted from the raw data in this analysis. These fittings were used to construct the magnetization curves in the main text.
As described in the main text, band assignments were based on the effect of the inhibitor (AHA).
Bands 1-4 are all modified by the inhibitor and are thus assigned to the catalytic site: band 1 (17,200) band 2 (18,000) are significantly diminished or completely lost upon inhibitor binding whereas band 3 (20,000) decreases in intensity by 50% and is shifted to the red (500 cm -1
) and band 4 doubles in intensity (its position is not well defined in the non-inhibited form). Bands 5-8 are unchanged and thus assigned to the structural site. It is important to note though that the structural site should also have some contribution in the 17,000-21,000 cm -1 region and thus the fitted bands should only be considered dominantly one species or the other.
While it is difficult to justify fitting the feature at 20,000 cm -1 to two bands on the basis of a single MCD spectrum collected at one temperature and magnetic field, changes in the exact shape of this feature as a function of temperature (see Fig. 18 ), make the inclusion of two bands necessary. It is noted though that the relative intensities of bands 3 and 4 are unlikely to be well constrained.
From this dataset we are unable to constrain the coordination number of the structural site in the Co . 15 If this was the case, it could explain the blue shifted MCD signal and also the large D value inferred for the structural site.
14 Finally we stress that we do not observe any evidence for a 4-coordinate metal site in the Co 2+ substituted enzyme. Tetrahedral Co 2+ complexes typically display a strong pseudo-A type MCD transition, i.e. a derivative shaped signal in the 17,000 cm -1 region is completely absent in the spectra.
S8) QM/MM geometry optimizations of structural models A-K.
We employed QM/MM geometry optimizations to model the metal coordination spheres in MT1-MMP.
The coordination sphere of the structural zinc ion is tetrahedral and consists of three histidine residues (His186, His201, and His214) and one aspartic acid (Asp188). As hydrogen atoms cannot be seen in Xray experiments, we modeled both protonation states of aspartic acid: deprotonated and protonated.
When Asp188 is protonated, the hydrogen bond Asp188-O2H···O-Thr190 appears, which is absent in the crystal structure. Hence, we propose that the structural site of MT1-MMP resembles structure A in The catalytic zinc ion is located in the active site of the enzyme. The X-ray data show three histidine residues (His239, His243, and His249) coordinating this zinc ion, but the exact number of water molecules is not resolved. We prepared models of the catalytic zinc coordination site with 1-3 water ligands (structures C-I in Fig. 20) . In the tetrahedral models the single water ligand interacts with Glu240 either directly or through an additional water molecule, and it thus represents the nucleophilic water, W n . In the penta-coordinate models, the same water ligand is present, with a second water, W b , binding on the back face of Zn
2+
. We expect back-face binding to be preferred over front-face binding because of the possible interaction with Pro259 on the back, while there are no obvious water-protein interactions on the front face. Key distances for models C-I are listed in Table 3 . Models C-D with tetrahedral coordination. In structure C a water molecule coordinating zinc forms a hydrogen bond with Glu240, while in structure D a hydroxyl anion coordinates zinc and the side chain of Glu240 is neutral. In structure C the computed distances from zinc to both oxygens of the Glu240 side chain are very short due to a direct H-bond between the coordinating water molecule and Glu240.
Models E-G with 5-fold coordination. In structure E two water molecules coordinate zinc and one of them forms a hydrogen bond with Glu240. In structure F two water molecules coordinate zinc and the side chain of Glu240 is negatively charged. In structure G a hydroxyl anion and a water molecule coordinate zinc and the side chain of Glu240 is neutral. The computed distances from zinc to both oxygens of the Glu240 side chain increase in the order E < F < G.
Models H-I with octahedral coordination.
In structure H three water molecules coordinate zinc and one of them forms a hydrogen bond with Glu240. In structure I three water molecules coordinate zinc, two water molecules form H-bonds with a hydroxyl anion, and the side chain of Glu240 is neutral.
Models J-K of the AHA inhibited catalytic site. The optimized structures are shown in Fig. 21 .
Structure J corresponds to the inhibited complex in the absence of the first coordination sphere water.
Structure K represents the 6-coordinated complex with one water molecule. (acac is acetylacetonate), and Co(N-MeIz) 6 2+ (N-MeIz is N-methylimidazole) were optimized with the B3LYP functional in combination with the 6-31G** basis set. Cobalt(II) isotropic hyperfine constants in these complexes were calculated at the QM(TPSSh/CP(PPP)) level of theory and compared to experimental data to obtain a scaling factor of 1.97 (Table 11 ). 
